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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation* 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



(57) [Claim(s)] 

[Claim 1] In the current detection equipment of the semiconductor power switch which doubles with the time constant 
of the aforementioned inductive load the voltage of the sample hold circuit characterized by providing the following, 
and this sample hold circuit at the time of un- flowing [ of the aforementioned semiconductor power switch ], and comes 
to have an amendment electric discharge circuit in the aforementioned electric discharge circuit The electric discharge 
means for discharging the charge voltage of the capacitor of the aforementioned sample hold circuit, The electronic 
switch for a series connection being carried out to this electric discharge means, and restricting the charging time value 
of the aforementioned charge voltage, Current detection equipment of the semiconductor power switch characterized by 
preparing the internal transmitter for driving this electronic switch, and carrying out parallel connection of the 
aforementioned electric discharge means and the electronic switch to the capacitor of the aforementioned sample hold 
circuit The semiconductor power switch which controls the flow current of an inductive load The drive circuit of this 
power switch The current detector which detects the flow current of this power switch as voltage Input amplifier for 
outputting the analog switch for memorizing the current detection voltage value of this current detector, and changing 
input voltage to the capacitor for voltage maintenance, and the charge voltage of a capacitor 
[Claim 2] It is current detection equipment of the semiconductor power switch characterized by the aforementioned 
electric discharge means being a resistor or a constant current source in the claim 1 publication. 
[Claim 3] Current detection equipment of the semiconductor power switch characterized by preparing frequency and a 
duty ratio adjustable means in the internal transmitter which drives the aforementioned electronic switch in claim 1 
publication. 

[Claim 4] Current detection equipment of the semiconductor power switch characterized by making the low voltage side 
of the capacitor of the aforementioned sample hold circuit into virtual installation potential as high potential from the 
installation voltage of a circuit in the claim 1 publication. 

[Claim 5] Current detection equipment of the semiconductor power switch characterized by discharging with minute 
current using an active load with a transistor for the electric discharge means of the aforementioned electric discharge 
circuit in the claim 1 publication. 

[Claim 6] It is current detection equipment of the semiconductor power switch characterized by using the current 
detection equipment of a semiconductor power transistor for the exciting-current control circuit of the charging 
generator for vehicles in claim 1 publication. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[Industrial Application] 

this invention relates to the current control circuit of a semiconductor power switch, for example, relates to the current 
control circuit of the suitable semiconductor power switch for the arrangement for controlling electric generator for 
vehicles, an inverter control unit, etc. 
[Description of the Prior Art] 

The method with which a semiconductor power switch restricts [ in / switch-on / for the detected load current ] the 
output current to JP,58-500046,A like a publication as equipment which controls the current of an inductive load 
conventionally as compared with reference voltage is learned. 
[Problem(s) to be Solved by the Invention] 

The above-mentioned conventional technology detects the load current through a semiconductor power switching 
device, and only when fixed level is reached as compared with reference voltage, it restricts current value intermittently. 
Moreover, in order to control current stably so that change of the load current decreases even if it is in ambient 
temperature or disturbance, it is desirable to control current continuously. 

If detection resistance is prepared in a load and a serial or current sensing elements, such as a hall device, are used for 
them also in the above-mentioned conventional technology, it is possible to control current continuously. However, it 
was difficult for a hall device and its drive circuit to be needed in that case, and for the system configuration up article 
mark of current control to increase, and to unify and mount a control circuit. 

The purpose of this invention is offered without addition of the current detection equipment which does not depend the 
load current of an inductive load on the flow of a semiconductor power switch, and non-switch-on, but can control it 
continuously of special external parts. 

Other purposes of this invention offer the current detection equipment of the semiconductor power switch suitable for 
integration. 

[The means for solving a technical problem] 

The semiconductor power switch whose this invention controls the flow current of an inductive load, The drive circuit 
of this power switch, and the current detector which detects the flow current of this power switch as voltage, The current 
detection voltage value of this current detector is memorized. And the capacitor for voltage maintenance, The sample 
hold circuit which consists of an analog switch for changing input voltage, and input amplifier for outputting the charge 
voltage of a capacitor, In the current detection equipment of the semiconductor power switch which doubles the voltage 
of this sample hold circuit with the time constant of the aforementioned inductive load at the time of un-flowing [ of the 
aforementioned semiconductor power switch ], and comes to have an amendment electric discharge circuit The electric 
discharge means for discharging the charge voltage of the capacitor of the aforementioned sample hold circuit in the 
aforementioned electric discharge circuit, The electronic switch for a series connection being carried out to this electric 
discharge means, and restricting the charging time value of the aforementioned charge voltage, It is attained by the 
current detection equipment of the semiconductor power switch which prepares the internal transmitter for driving this 
electronic switch, and carries out parallel connection of the aforementioned electric discharge means and the electronic 
switch to the capacitor of the aforementioned sample hold circuit. 

It is attained by the current detection equipment of the semiconductor power switch which made the aforementioned 
electric discharge means preferably the resistor or the constant current source of this invention. 
It is attained by the current detection equipment of the semiconductor power switch which prepared frequency and the 
duty ratio adjustable means in the internal transmitter of this invention which drives the aforementioned electronic 
switch preferably. 
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It is attained by the current detection equipment of the semiconductor power switch which made the low voltage side of 
the capacitor of the aforementioned sample hold circuit virtual installation potential as high potential more preferably 
than the installation voltage of a circuit of this invention. 

It is attained by the current detection equipment of a semiconductor power switch made to discharge with minute 
current using the active load of this invention according to a transistor to the electric discharge means of the 
aforementioned electric discharge circuit preferably. 

It is attained by the current detection equipment of the semiconductor power switch preferably used for the exciting- 
current control circuit of the charging generator for vehicles of this invention. 
[Function] 

If it cannot be based on the flow of a semiconductor power switch, and non-switch-on but the detection value of the load 
current can be acquired as a continuation value, since a current feedback value is not intermittent, a control loop is 
stabilized, and the malfunction by the error of average current can be lost. 
[Example] 

Hereafter, a view 1 explains the example of this invention. The semiconductor power switch 1 is connected with an 
inductive load 3 between DC power supplies 4 through current detection resistance 6e, the aforementioned inductive 
load 3 is connected to the high potential side of the semiconductor power switch 1, and current detection resistance 6e is 
connected to the low voltage side. Moreover, the fly wheel diode 2 is connected in parallel with an inductive load 3. 
However, especially even if it is a high potential side and connection of an inductive load is a low voltage side, it is not 
limited. 

Although N channel power metal-oxide semiconductor field effect transistor explains the semiconductor power switch 1 
in this example, you may be IGBT which is the compound device of P channel power metal-oxide semiconductor field 
effect transistor, a bipolar element and MOSFET, and BAIPORA. Electrically, an inductive load 3 consists of an L 
component and an R component, and has the time constant of L/R. 

The current detector 8 uses low resistance of 0.1 ohms or less for current detection resistance 6e, and detects the element 
current icH which flows on the semiconductor power switch 1 by amplifier 7 and the network resistance 6a, 6b, 6c, and 
6d as an output voltage value Vkk of amplifier 7. The output of amplifier 7 is fed back to the drive circuit 5 of the 
semiconductor power switch 1 through a sample hold circuit 13. The sample hold circuit 13 consists of an analog switch 
9 driven by the PWM output eo of the drive circuit 5, a capacitor 10 holding the output voltage value Vkk of amplifier 
7, and a buffer amplifier 1 1 of the FET input fed back to the drive circuit 5 by considering sample hold voltage Vff as an 
output. 

The series connection of the electric discharge circuit 17 is carried out to the electric discharge means which consists of 
resistance 12 for discharging the charge voltage of the capacitor 10 of the aforementioned sample hold circuit 13, and 
this electric discharge means, and it consists of internal transmitters 14 for driving the electronic switch 15 and this 
electronic switch for restricting the charging time value of the aforementioned charge voltage, and is carrying out 
parallel connection of the aforementioned electric discharge means and the electronic switch 15 to the capacitor 10 of 
the aforementioned sample hold circuit 13. 

This electric discharge circuit 17 has a time constant equivalent to the time constant of L/R of an inductive load 3. That 
is, if there is no electric discharge circuit 17 at the time of the small capacity whose capacity of a capacitor 10 is dozens 
of pF, it will become operation of only leak electric discharge and the time constant of the sample hold voltage Vik will 
serve as infinity (state where electric discharge resistance becomes infinity and equivalence), seemingly. Consequently, 
mismatching arises in the time constant of the load If of an inductive load 3, and the time constant of the sample hold 
voltage Vik which detected element current Ich with the sample hold circuit 13, and current control becomes unstable. 
In order that current control may prevent a bird clapper unstably by such mismatching of a time constant, the electric 
discharge time constant of the sample hold voltage Vik and the time constant of the load current If are adjusted by the 
electric discharge circuit 17. 

However, it will become an unreal value, if it is necessary to enlarge the equivalence-resistance of the electric discharge 
circuit 17 more than with several mega ohm and integration etc. is considered, in order to match with the time constant 
of L/R of an inductive load 3 which serves as a controlled system at the time of the small capacity whose capacity of a 
capacitor 10 is dozens of pF. Then, especially in this example, the electric discharge circuit 17 is made into the circuitry 
which discharges by resistance 12 intermittently by the intermittent pulse using VCO 14 and the switch 15. By 
discharging intermittently, the usual value of dozens which can be integrated to number 100 kilo ohm can be used now 
for resistance. VCO 14 and the switch 15 fit integration as a semiconductor, and carrying out dividing of the basic clock 
in a original oscillation, and it being narrow and carrying out intermittent pulse generating by logic synthesis, etc. can 
realize especially VCO 14 easily. When using resistance 12 for electric discharge in the electric discharge circuit 17, 
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since resistance is a passive element, the controllability of an electric discharge time constant becomes good that it is 
hard to be influenced of supply voltage. 

Next, a view 2 explains detailed operation of this invention. The PWM output eo is outputted as a pulse shape 101 of 
turning on and off with constant frequency or a variable frequency. Although it becomes zero, since the element current 
icH which flows on the semiconductor power switch 1 is an inductive load 3 like pulse shape 101 at the time of OFF, it 
is set to current wave form 102 which increases with a fixed time constant at the time of ON. The output wave 103 of 
the voltage value Vkk changed by the current detector 8 also becomes being the same as that of current wave form 102. 
The semiconductor power switch 1 serves as the current if (on) which increases with a fixed time constant like element 
current icH at the time of ON, and the load current if which flows to the inductive load 3 when a fly wheel diode 2 is 
connected like this example turns into the current if (off) which decreases with a fixed time constant as flywheel current 
at the time of OFF. Consequently, the load current if serves as the triangular waveform 104 which repeats increase and 
decrease. 

When performing current control of controlling the load current if to constant value continuously, it is necessary to 
detect the flywheel current if (off) at the time of OFF of the semiconductor power switch 1. After the PWM output eo 
turns on an analog switch 9 at the time of ON, outputs the current detection voltage value Vkk (on) as sample hold 
voltage Vff (on) as it is, and turning off an analog switch 9 at the time of OFF, carrying out the sample of the final value 
of the current detection voltage value Vkk (on) and holding it to a capacitor 10 in this example, it outputs as sample hold 
voltage Vff (off). In order to make a capacitor 10 small and to lessen the leakage current at the time of a hold, it may be 
CMOS composition desirably to use the amplifier of an FET input for a buffer amplifier 1 1 . 

In order to hold the voltage at the time of a hold generally for a long time, the detection error 201,202,203 arises, and 
the output wave 105 of the sample hold voltage Vff has the OFF time T of the PWM output eo (off) in the inclination 
which the detection error 203 increases to the long field A especially. 

Especially in this invention, the sample hold voltage Vff (off) was decreased by the electric discharge circuit 17, and the 
load current if (off) and the equivalence output wave 106 are realized. 

Next, the example at the time of integrated-circuit-izing this invention is explained using a view 1 . The semiconductor 
power switch 1 is integrated on the same base as power IC 1 8 with the current detector 8, a sample hold circuit 1 3, the 
electric discharge circuit 17, and the drive circuit 5. an integrated circuit - setting - especially hundreds a mass 
capacitor p F or more and hundreds - it is difficult to obtain high resistance of k ohms or more for example, - if it 
usually comes out and is, when the time constant of an inductive load 3 is set to 50ms and the value of a capacitor 10 is 
set to 50pf(s) (pico farad) - the electric discharge resistance 12 - 1000 - M ohms is required and integration is 
impossible If an analog switch 9 is formed in the high potential side of the electric discharge resistance 12 and the 
charge charge of a capacitor 10 is intermittently discharged on frequency fKl with VCO 14, the 1000M ohm time 
constant of high resistance is realizable in false with the resistance of a several 100k ohm. 

A view 3 explains a detail. The frequency fk generated with VCO 14 is the frequency of the duty ratio regularity to 
which the ratio of a charging time value Tl and the holding time T2 is expressed as a duty ratio. It is desirable for the 
sample hold voltage Vff to have the equal PWM output eo to if at the time of OFF. Under the present circumstances, as 
for the period sample hold voltage Vff of the electric discharge resistance 12T1 , only Vr decreases. A false long electric 
discharge time constant equal to if can be obtained by holding the period voltage of T2 again after Vr reduction. Only 
with a duty ratio and electric discharge resistance, this electric discharge time constant becomes dominant, and is not 
influenced by gap of frequency fkl . It is short in a charging time value Tl , and if the holding time T2 is lengthened, it 
will be easy to obtain a long time constant. If the frequency which carried out dividing of the clock frequency for the 
clock frequency to the holding time T2 with the flip-flop is used for a charging time value Tl, frequency by which the 
duty ratio was stabilized can be realized easily. By changing a dividing bit and changing a duty ratio, it becomes 
possible not to be based on adjustment meanses, such as changing electric discharge resistance, but to double with the 
time constant of an inductive load 3. 

In the example explained with the view 1, the electric discharge resistance 12 which is an electric discharge means is 
realizable with a constant current source. The example at the time of using a constant current source and realizing 
electric discharge resistance 12 is shown in a view 4. In an integrated circuit, having used the active load by the constant 
current source tends to obtain the resistance of a several 100k ohm. In this example, although the example using the 
current mirror which changed the surface ratio of an MOS transistor explains, you may use a bipolar transistor. 
Reference current Iref is flowing to the nMOS transistor 21 by which diode connection was made in series with 
resistance 20. This is usually current of dozens to number 100 microampere. 

By changing the surface ratio of a transistor, the minute current Ir of 1-/N of the nMOS transistor 21 can be passed to 
the nMOS transistor 22, and it becomes more [ in equivalent ] big resistance. If a constant current source is constituted 
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from an MOS transistor with an analog switch 15 according to this example, there is an advantage that circuit area at the 
time of integration is made especially small. 

Next, a view 5 explains the second example of this invention. In this example, the current detector 8 shows an example 
which equipped the semiconductor power switch 1 with the element child of mirror current. Mirror current im serves as 
current value according to the cell ratio of the element current icH of the semiconductor power switch 1 . Since it 
connects to mirror current im, the power loss at the time of using for element current icH in series does not produce 
current detection resistance 6e. Mirror current im is changed into the current detection voltage value Vkk by current 
detection resistance 6e, and is used like an old example. 

Moreover, reference voltage Vref made in the source 60 of a constant voltage in this example in the current detection 
resistance 6e, capacitor 10, and low voltage side of a constant current source 16 is made into artificial ground potential. 
The source 60 of a constant voltage should just have the band-gap reference circuit which consists of resistance 61, 62, 
and 63 well known as a source of a constant voltage, and transistors 64, 65, and 66. 

A view 6 explains a detail. When performing current control of the semiconductor power switch 1 with a sufficient 
precision also in a small load current field, the neutral zone in the low input voltage region of the buffer amplifier 1 1 of 
a sample hold circuit 13 becomes a problem. This is restricted to the supply voltage of a buffer amplifier 11, and it is 
produced in order to output and input on the basis of the grounding voltage E. If only reference voltage Vref gives offset 
voltage to input voltage Vkk, the influence of the neutral zone in the low input voltage region of a buffer amplifier 1 1 
can be lost. What is necessary is just to pass a bias current lb by the current source 67, in order to lose the voltage 
variation of the reference voltage Vref by the change in mirror current im. According to this example, the current 
control circuit which was excellent in detection precision is especially realizable. 

Next, a view 7 explains the third example of this invention. This shows an example of a layout which integrated this 
invention as power IC 18 on the same substrate. Only fixed distance L at least 100 microns or more is detached, the 
capacitor 10 of a sample hold circuit is arranged in parallel, and the electric discharge circuit 17 is arranged to the 
semiconductor power switch 1 and an opposite side so that thermal influence may decrease to the semiconductor power 
switch 1 . According to this example, there is an advantage that the error of the discharge current under the thermal 
influence of the semiconductor power switch 1 can be made small. 

Next, the technology for making the electric discharge time constant tau of a sample hold capacitor in agreement with 
damping time constant tauo of current which flows an inductive load is explained. 

_ C 

The electric discharge time constant tau of a sample hold capacitor 
It is come out and expressed. 

It is C here. : Electrostatic capacity of a sample hold capacitor alpha: On-duty of the output signal of VCO 
BP*, 1 

{0 U T, : ONftfHJ 

T, : OFF D$fm 

<EMI ID=000004 HE=020 WI-061 LX=1 195 LY=2050> Ie: Drawing current (constant current) 
Now, suppose that flowing damping time constant tauo of current is an inductive load 50ms. 

C=5 0pF. I.= 2.04/iA, a=— — fttl\t. 



2 11 



5 0X1 0" 1 2 



(l*r) 



5 0 m s 



X 2. 0 4 X 1 0 



-6 



It can carry out. 

The time constant of an inductive load is different, inside IC, in lOOmS, Ie or alpha is changed, and it should just adjust 
it. 
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In the case of Ie (it is made half [ before Ie=l .02microA; ].) 

5 0X1 0 ~ 1 2 _ „ 

z , =- — — = 1 0 OmS 

(— )xi.02xi0- 6 

50X10" 12 , nn 0 

x , =- — : — : ; = 1 0 OmS 

-6 



(irr) xl - 02xl 0 



Inside IC circuit, it is desirable to change the easy duty alpha of correction especially. What is necessary is just to shift 
bit of dividing, when dividing is carried out and alpha is being made from the clock. Usually, it can be made to perform 
selection of bit by the aluminum pattern (wiring). A terminal may be taken out outside and you may choose from the 
exterior. 

In addition, the application of this invention to the armature-voltage control equipment (IC regulator) for controlling the 
load current of the AC dynamo which is a generator for vehicles is effective. Current limiting of the load current and 
armature-voltage control with little output change are realizable by establishing the loop of the current control which 
used the current detection equipment of this invention in the control loop of original armature- voltage control. 
Moreover, according to this example, since the load current at the time of OFF of a semiconductor power switch is 
detectable using a sample hold circuit and an electric discharge circuit, there are few detection errors of the sample hold 
voltage Vff, and the advantage that the loop of armature-voltage control operates stably is also acquired. 
[Effect of the Invention] 

According to this invention, since the load current is detectable even if it does not use an external component out of a 
control circuit, mounting becomes easy. 

Moreover, since part mark become fewer by integrating, the reliability of a control circuit goes up, and cost is made at a 
low price. 

Moreover, since it also sets to integrate and circuit area is made small, cost of IC chip is made at a low price. Moreover, 
loss by detection resistance of a semiconductor power switch can be reduced. 

Moreover, since detection current can obtain with a small error continuously, control precision improves, and control is 
stabilized. 



[Translation done.] 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_.cgLejje 



12/17/2003 



Page 1 of 4 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[A view 6] 
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[A view 2] 
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[A view 7] 
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[A view 5] 
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[Translation done.] 
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